An important question in evolutionary biology, especially with respect to herbivorous arthropods, is the evolution of specialization. In a previous paper the combined evolutionary dynamics of specialization and ecological character displacement was studied, focusing on the role of herbivore foraging behaviour. In this paper the robustness of these results is examined with respect to the assumption about the (metabolic) feeding efficiency function, changing it from a fixed to a plastic response. For low specialization costs, the model yields qualitatively similar results. Through the process of evolutionary branching, the herbivore population radiates into many specialized phenotypes for basically any level of sub-optimal foraging (where plant utilization is to some degree determined by the relative growth rate on each plant type). However, for an increased cost for specialization, the model loses its primary evolutionary equilibrium point. In this part of the parameter space there is run-away selection towards the ultimate generalist strategy. Under the conditions for evolutionary branching, the model predicts host race formation and sympatric speciation in herbivorous arthropods when mating is host-plant associated.
INTRODUCTION
In insect-plant biology, host plant specialization has received a lot of attention over the decades (e.g. Dethier, 1954; Ehrlich and Raven, 1964; Levins and MacArthur, 1969; Bernays and Graham, 1988; Thompson, 1994; Berenbaum, 1996; Schoonhoven et al., 1998) because so many herbivorous insects are strongly specialized (Futuyma and Gould, 1979; Chapman, 1982; reviews in Strong et al., 1984; Bernays and Chapman, 1994) . Since the seminal paper by Fox and Morrow (1981) , it is widely recognized that even generalist species can represent a collection of locally specialized populations. Moreover, studies on the genetic structure in insect populations frequently 281 T. A.C. Reydon and L. Hemerik.,(eds.) show discrete groups (demes) at a sometimes surprisingly small spatial scale: insects feeding on a tree species may even adapt to different individual trees (Edmunds and Alstad, 1978; Mopper, 1996) .
Observations of insect species on host plants in the field are the basis for the above-mentioned pattern that large numbers of herbivorous insects are specialized. This type of data does not exclude the possibility that many insect species can feed on a wide range of host plants. For such a species its natural distribution suggests that it is very specialized, but when resource utilization (the generally accepted criterion for host plant specialization) is considered, it is not.
The observed pattern of specific host use in the field can be explained by foraging theory. Given a choice between several host plants that vary in quality (measured as fitness when utilising this host), a herbivore chooses the highest quality species (see e.g. Levins and MacArthur, 1969; Rosenzweig, 1981 Rosenzweig, , 1987 . Optimal foraging theory predicts that the ideal herbivorous arthropod will occur on only a specific subset of plant species if their quality exceeds some marginal value.
However, foraging theory is not an explanation of the evolution of specialization in herbivorous arthropods. It is designed to explain animal behaviour, not evolutionary change, and several aspects of the evolution of specialization still require explanation. First, there is usually a good correlation between specificity according to occurrence in nature and specificity according to utilization: herbivorous arthropods are also specialized when the criterion is based on resource utilization. Second, there are ample examples of sister species in a clade of herbivorous arthropods that seem to have radiated onto a clade of plant species (e.g. Farrell and Mitter, 1990, 1994; Futuyma and McCafferty, 1990; Futuyma et al., 1995; Farrell, 1998; Termonia et al., 2001) . If the group of sister species as a total is able to adapt to a group of hosts, why does each sister species utilize only its own specific selection of these hosts?
From an ecological perspective there is not much theoretical work providing an insight into these aspects of specialization in herbivorous arthropods. Basically, for evolution towards specialized resource (host) utilization in a species, individuals competing for two resources should be subject to a strong fitness trade-off between the two resources (Levins, 1962) . This prediction, based on the assumption of a random distribution of consumers over two discrete resources, states that specialization evolves when generalists have greatly reduced fitness compared to specialists, such that the fitness benefit of specializing on one resource is higher than the fitness cost on the alternative resource.
However, herbivorous arthropods are not generally known to be randomly distributed over their resources. On the contrary, they generally display foraging behaviour. Studies on the evolution of specialization that have incorporated foraging behaviour used the theory of optimal foraging. These
